ABSTRACT Agent-based modeling has recently gained popularity in the field of simulation and modeling. Due to their characteristic properties, agent-based models (ABMs) allow for an improved and flexible way of modeling complex systems. Social dynamics is one such a complex system, which has complex components, such as demography, sociology, economics, psychology, health, and so on. Demography is one of the bigger and more important sub-systems of this complex system. In this paper, we have focused on utilizing the potential of ABM techniques to analyze the underlying processes in social demography. We propose and implement a holistic ABM that can be used for analysis, understanding, and prediction of socio-demographic processes as well as a tool for policy design and evaluation. The proposed model incorporates well-known factors affecting demography and provides ease and flexibility of adding newer factors. In this paper, we considered the use case of Korea and utilized the Korean census data for model development. Many ABMs have been proposed for demography but most of them not only have limited functionalities, but also lack the suitable usage of agent-based modeling itself. The proposed approach is wide-ranging, flexible, and general and can be reused by simply making changes in the initial data set for the analysis of the target society. We exhibit the validation of the proposed model, as well as its usage by executing virtual experiments for socio-demographic analysis and prediction.
I. INTRODUCTION
Demography can be generalized as the study of human populations and associated factors that affect population size and structure. In addition, social demography could incorporate various sub-factors such as the economy, society, culture, aging societies, race, gender etc. These demographic processes are studied vis-à-vis the description, understanding, prediction, and analysis of changes in the size and structure of the populations. The changes and variations brought about by the various factors are spatial and temporal in nature. In this paper, we focus on the demographic processes from the perspective of size and the age structure.
A complex system like demography consists of various intertwined and interlinked sub-systems. In general, the model building of a complex system is approached by aggregating simpler sub-systems. More often than not, the heterogeneous nature of these sub-systems is ignored and they are modeled uniformly, or heterogeneity is present only to a very limited extent. Popular examples are statistical approaches and microsimulation (MiSiM) models [1] . Statistical and MiSiM models are well-developed and widely used in demographic simulations. In statistical models, the relationship between the developed model and the target is generally very clearly understood [2] . The target system is modeled by mathematically derived equations, because of which, these techniques are brittle and cannot adjust to changes in system structure over time. MiSiM models individuals with microdata from real population data and provides the final output by accumulation of individual simulated outputs. MiSiM, as well as statistical approaches, do not attempt to enable interactions between the constituent units in the model. Statistical and MiSiM techniques are difficult to implement for a complex system, especially where non-linearity is involved. These approaches are not suitable for understanding and analysis of various sub-systems, and how they interact to affect the final outcome, but are suitable tools for prediction. Although MiSiM and agent-based models (ABMs) have similar features like heterogeneity and being bottom-up approaches, they show some key differences. In MiSiM, the final output is the addition of individual outputs from its component units, whereas in ABM, the final output can be more or less than the addition of individual outputs, because agents in the ABMs can interact and influence each other's characteristic behavior.
The ability of ABMs to enable interactions between the agents or constituent units, which reflects the essence of any complex system, has made them overcome some of the inherent drawbacks in statistical and MiSiM approaches. Agentbased social simulation, or agent based social modeling is a generalization of the approach that contains all the aspects of social demography. When a complex system is implemented, various assumptions are made and only the required components of the target complex system are implemented. However, if such assumptions are not made diligently and carefully, they flaw the very purpose of the simulation, such as understanding and prediction of the target system.
Recently, the research on the socio-demographic processes has received a special attention from governments of developed countries. These countries face problems of aging societies and declining fertility rates. Countries with very low fertility rates include Singapore (0.82), Korea (1.25), Japan (1.4), Italy (1.43), Greece (1.42), and numerous others [3] . Fig. 1 (source [4] ) shows the population pyramids of Korea, India, and the USA. Fig. 2a shows Korean population age structure over time and dependency ratio (DR) of population. Korea, which has faced the problem of low-fertility and ageing societies for some years now, has a top-heavy graph. This shows that the elderly population is larger as than the youth population. On the other hand, India has a larger youth population than the elderly population, and hence a bottom-heavy graph. The population pyramid of the USA is comparatively balanced, with rather comparable youth and elderly population. Fig. 2b shows stark difference in median ages of some developing and developed countries. Low fertility leads to various economic and social problems in the long run, which we will discuss in Section II of the paper. A better understanding of various processes involved in social demography is urgently needed so that issues pertaining to aging societies and declining birth rates can be handled by planning appropriate strategies and policies.
On the basis of the above discussion, we developed an ABM for social demography which includes demographic processes of matrimony, education, fertility, the economy, mortality, and immigration. The model is general in nature as it takes as input a sample of the population, including males, females and child agents. Calibrated with the real data, education, income, and rates of demographic activities like mortality, fertility, and divorce evolve continuously. The FIGURE 1. Population Pyramids (from top to bottom) of Korea, India and USA. The countries with the problem of low fertility rate and ageing societies are 'top-heavy'. India has high youth population, hence bottom heavy. USA has a comparatively balanced graph. The vertical axis is the age numbers in years, horizontal axis represents population numbers.
updates for every agent characteristic with simulation time give a very dynamic nature to our model. Moreover, the interlinking of characteristics of the agents makes the model simulation emergent and complex in nature. The agents' social interactions with other agents, and with the environment, have an effect on the decision process of the individual agents, such as fertility, income, education. Thus, not only are agents' VOLUME 6, 2018 interactions carried out at the micro (individual) level, but also at the macro (society or environment) level.
The important choices made by the agents for demographic events are deterministic in nature and are determined by the agents' rule set, derived either from the accepted social norms or from the real data. Some of the arguments and features that prove the novelty of our model are as follows: an improved general model of the social demography, flexible nature of the model, improved ABM nature, direct inclusion of population data in the simulation, dynamic nature of all the related demographic events, usage of high-quality census data for initialization and agent rule-set design, and ability to analyze as well as predict (generally a property of MiSiM, due to usage of real data). Although we have utilized Korean data for this particular work, owing to the flexible nature of this model, it can be put to use by modelers and researchers with desirable data. Additionally, newer features can easily be added or extended as per need to include other desirable components like health care, economics, and psychology.
The proposed model aims and overcomes most of the drawbacks in popular related works, discussed in the next section. As stated previously, the proposed model is built to be general purpose in nature. It does not target a specific demographic activity, unlike the related works, and implements all the major demographic activities such as matrimony, fertility, education, economy, mortality, and immigration. The approach of targeting a particular sub-system of a larger complex system ends up making over-generalized assumptions about other sub-systems. While modeling complex systems such as demography, this approach will not yield desirable understanding of the target system. The reason is coupling, dependencies and interactions that exists between the subsystems, all of which may evolve according to changes in other sub-systems. The final output of a complex systems is more/less than the simple addition of the outputs of its constituent sub-systems. Therefore, the proposed model incorporates the deterministic models of most of the important sub-systems of demography. Further, we make use of actual micro-level census data for initializing the simulation as well as the agent characteristics. Even though some of the other models make use of realistic data, the actual values are often assigned by making the use of statistical distributions around these values. However, this process ignores and alters the micro-characteristics of a population sample and results in non-optimal results.
In the proposed model, the micro-data, as detailed as the agent's household members and relationships, is assigned by directly using census data. This level of integration of microlevel data with the agent based modeling has enabled the model not only to deliver the analysis capabilities, but also the prediction capabilities. In addition, we designed every characteristic of the agent dynamic in nature, where the updated values are again a function of historical data at the start of the simulation and of newly generated data during the simulation. The exchange of information and interactions of the agents during the simulation result in changes in the individual FIGURE 2. Historic data of Korean Population age structure, and Median age of some nations of world (Fig. a) and b) respectively). Fig. a) shows how Korean age structure is changing with time. DR stands for population dependency ratio. Fig. b) shows median ages of some developing and developed nations. The vertical axis in both the figures is age in years, horizontal axis in Fig. a) is calendar years, and in Fig. b) it is country names.
preferences of the agents. This leads to emergence of different demographic behaviors, making the simulation process complex in nature (like demography). Another argument that makes our proposed model holistic in nature is that it has a snapshot of real population as sampled agent population and is not a ceteris paribus. Various points discussed above deliver their benefits in the form of simulation results demonstrated in subsequent sections of the paper. Hence, the proposed model is unique and novel and is a step forward in simulating the demographic system using agent-based modeling.
The rest of the paper is organized as follows: the second section covers the Background and Motivation; the third section explains the Proposed Model; the fourth section discusses Implementation; the fifth section contains Experimental Results and Discussion; and the sixth section gives conclusion to the paper and discusses Future Directions.
II. BACKGROUND AND MOTIVATION
An ABM consists of autonomous agents with their individual rule-sets that are utilized for their decision processes. They consider the environment where they are situated, their own characteristic properties, and most important of all, the interactions with other agents [5] . Agents have properties like autonomy, perceptive, pro-active, learning, heterogeneity, bounded rationality, mobility, reactive, and especially interactions with other agents [6] .
Billari et al. [5] , [7] initiated the agent based social simulation for population dynamics. Preceding research in demographic contexts has been proposed in areas like household dynamics [9] , residential mobility [8] , from the interaction perspective, such as family formation [5] , and migration [6] . These models take into account interactions but lack features such as usage of accepted social norms, usage of solid high quality data, and the scope of demographic activities with regards to model is limited.
The ABM models often take into account the micro-level or agent-specific characteristics but generally real data for simulation initialization is not considered. The rules and inferences used by agents are also often assumed analytically rather than deriving the rules based on actual circumstances of the population in consideration. This increases the chances of outliers in the simulations and results. Moreover, analytically assumed ABMs can be tools for limited analysis of the target system, but they cannot be used for prediction purposes.
The data-fed simulations were proposed in papers like [10] (which was extension of famous ''Wedding Ring'' [7] ), [11] , in which the usage of data into agent based simulation was proposed, [12] - [14] proposed the general population dynamics models, but the adequate ABM part in the models was lacking, and were largely governed by microsimulation-like processes. There are other examples in research which use real data for simulation initialization, and even take into account the interactions between the agents, but either are one sex models ceteris paribus [16] , or use very low no. of agents (∼500) [15] . These approaches cannot be put to efficient use for demography, which includes large numbers of agents, as well dynamic updates of the majority of related events in simulation/ real time.
III. PROPOSED MODEL
A layman might take lower fertility rates and population decrease as good population behavior, as a decreasing population could mean the same resources would be shared by fewer people. However, that is not actually the case. Low fertility rates have a range of associated problems. Over time, it means a fewer children are being born, leading to fewer people growing up to be available as the work force. Further, this problem is generally found in developed countries like Japan, Korea, Spain, Germany, and many other European and Asian countries. Declining birth rates and increasing life expectancies in developed countries would eventually result in a decreased work force, and governments would be burdened to provide facilities catering to aging populations [17] . The median age in countries like Italy, Spain, Germany, Poland, is increasing, which is a sign of aging populations (also refer to Fig. 2b) .
Large elderly populations entail a large need for elderly care. This care is both social and economic in nature. To understand the context of this problem, the statistics of the elderly health in Korea can be looked at. Korean life expectancy at birth is 82.1 years, and about 22% of elderly persons in the age group of 80-84 are suffering from dementia, and that number is 33% for the above 85 years age group [18] . To take care of the elderly, individuals, families and societies on the whole, are required to invest social and economic resources (time and money). Countries like Korea, Japan already spend large amounts of money for the care of elderly populations. To overcome these problems in the future, governments have tried to put into practice the various policies for increasing the fertility rates, but these policies have not had adequate outcomes. As these policies have to be implemented at the national level, it becomes an expensive and time consuming process. With simulation and modeling, researchers and scientists design virtual societies and try to analyze the factors leading to behaviors such as lower fertility and delayed marriages. Based on this analysis, the right kind of policies can be designed and implemented. Our model hopes to serve this purpose. Fig. 3 is the very concise conceptual diagram of experimenting with virtual society.
The proposed model is developed to utilize the explanatory nature of the ABMs and in addition, also predict the population structures for future years [19] . In this analysis and prediction, we expect to determine the factors that are associated with the continuously ageing societies and declining birth rates. The decision process of the agents is driven by individual rule-sets rather than by randomness or transition probabilities. The agents' interactions with each other, and with the environment, induce changes in characteristics of the agents and eventually in the simulation output itself. We hope to discover general insights about all the socio-demographic activities implemented in this model. In the following subsections, we present details of our model which are mostly descriptive in nature. The available data in published research was utilized for various assumptions, and if such data was absent, plausible assumptions were arrived at after discussions with the domain experts. VOLUME 6, 2018 A. SIMULATION PROCEDURE Simulation starts with randomly distributed agents in the continuous space. The agents begin looking for suitable partners as simulation proceeds and dynamic processes start updating agents and the environment. The simulation advances as simulation ticks, with a single tick equivalent to one year in simulation, which starts from year 2005.
B. AGENTS IN SIMULATION
Agents in proposed model have numerous characteristic values. While most of these values are taken directly from census data, a few are generated by the simulation itself. Specifically, a spreadsheet is linked with model at simulation initialization, from where the census data is directly loaded. Agents have a unique (system generated) identification, gender, education, house id, age, marital status, number of children, education status, and income at simulation.
In addition, there are other characteristics that are derived by the simulation system. For accomplishing this, we make use of publically available census data from Statistics Korea (KOSTAT) [20] and Korea Statistical Information Service (KOSIS) [21] . These characteristics are income and education related data (explained in detail in later subsections), divorce rate and mortality rate.
C. ECONOMIC DIVISIONS
The virtual society in our simulation is allocated to four economic divisions, as per data on education, with bettereducated agents having higher incomes. Available literature such as [21] and data available on KOSIS clearly indicates that higher education entails higher income. In addition to the agents who already have their income assigned from the census data, the income of other agents (who do not have any income yet) is assigned based on their education data. These divisions are as follows: if A edu denotes the current education status of the agent A, and D i denotes the i th division:
The variable edu can take up eight values in our simulation according to the Korean education system:
edu ≥ 6 ⇒ university and higher (8)
Initial age (i.e., when the simulation starts) is an int value taken from the census data spreadsheet. In the simulation process, age is continuous in nature, updated continuously according to the simulation time. The simulation time is true to many decimal places, therefore, age becomes continuous in nature. The function currentAge() handles this, which returns the present age of the agent in that particular simulation time:
As previously stated, as per Korean education system, agents' education in simulation is divided into eight categories. The education status of the agents is updated at every simulation tick (in other words, on a yearly basis). This is done in accordance with the current age of the agent. The compulsory two year military training for Korean youth after high school is also taken into account and hence, the higher graduation age from college. The function currEdu() handles this in the simulation as follows:
currentAge == 18 ⇒ completed high school (11) currentAge == 21 ⇒ completed junior college (12) currentAge == 25 ⇒ completed college (13) currentAge == 27 ⇒ completed masters level (14) currentAge == 32 ⇒ completed doctoral level (15) Further, the education of an agent in the simulation is bound by another variable called desiredEducation. This characteristic variable denotes the maximum level of education that an agent wants to achieve in his/her lifetime. At any time, currEdu() ≤ desiredEducation. The desired education at the start of the simulation is assigned using education data for year 2005. Furthermore, to give them a real and dynamic nature, the desired education values themselves are also updated on a yearly basis. These updates are also done as per the regression developed from education related census data. Agents who are created (born) during the simulation process derive their desired education value from their parents. If C desiredEducation denotes the desired education of the newborn agent C to agents A and B, then always:
This functionality is implemented by the Monte-Carlo method. Thus children's education decisions are shaped heavily by the education status of their parents. Generally, in the real world, children obtain the education that is equivalent to that of their parents. Additionally, we take into consideration the ABM interaction aspect by this setting. In this case, the parent-agents would affect the child agents.
F. AGENT INCOME
The population income data is obtained from KOSIS. We use this publically available income data conditioned and averaged for different education levels. As this data is not available at the micro or individual level, we utilized the available data and distributed the income values normally over the agent population in each of the divisions. This implies that agents belonging to separate divisions are assigned income based on the average income of their respective divisions. This is unlike other approaches whereby the income is normally distributed over the entire agent population. We understood that the major decision processes of the agents, for example, having a certain number of children, are governed by subtleties of respective income divisions of the agents. Sometimes it is understood that low income households have less disposable income to spend on children and consequentially could lead to the decision to have fewer children. This is of particular significance in countries like Korea where most of the students want to pursue higher education and expenditure on education itself is quite high [22] . This can imply that families with lower income should often be childless or have the fewest children. However, this assumption does not seem practical if we inspect the actual data. By experimenting with the setting of individual income divisions and incomes, we hope to analyze and explore the beliefs and assumptions beliefs like above. Further, the individual incomes of all the agents, as well as the average income of the division, the value around which the agents' incomes were normally distributed, are updated at the start of each year in the simulation. In order to simplify and generalize the calculation of this value, we prepared a logarithmic model of progression of the agent income, based on KOSIS data. The simulation current year is the input to this model function.
Specifically, if avgIncQuin year,D 1 is the average income of the division D 1 in year, then:
Where α, β, and γ are the regression constants derived from the available data. We preferred logarithmic function over other functions as during the lengthier simulation runs, the value of year gets large and can severely affect the values obtained from this model function. The logarithmic functions tend to flatten over the large values and do not cause large variation in the output of this function.
The agents' incomes that are already assigned, are updated as per their respective updated division average incomes, and the distance of their incomes from that value. While doing that, we induce some randomness in this process so that these distances of the agents' incomes from the average values do not remain constant. This percentage of randomness lies between −10% and 10%.
The agents who do not have income yet, due to young age, or are created (born) during the simulation, have their incomes assigned dynamically during the simulation. The income division of the child agent, until he/she starts earning, is kept the same as the division of the father agent. The income of an agent is kept zero if the current education of the agent is less than the desired education. The Ph.D. and master's degree students are assigned some stipend before completing their education, which is equivalent to the often provided scholarship support. This stipend value too is taken from the Korean data.
G. AGENT MARRIAGE
When the simulation initializes, the agents begin looking for their life partners. They start communicating with random agents and these agents could be their potential spouses. For these communications to take place and lead to success in finding a spouse, agents need various conditions met. We do not assume the relationships before the marriage in our simulation model. The potential agent spouses must meet the following criteria:
• The agents' current age should be between fifteen and forty-five.
• One of the agents should have reached the desired education level (i.e. have completed studies).
• The agents should be of opposite sexes.
• The difference of the current ages of the agents should not be more than five years.
• Their house IDs should not be the same.
• They should not be married (present marital status must not be married).
• Their desired education difference should not be more than two levels.
The significance of these settings is manifold, as explained next.
The age limit set is the accepted biological human age for fertility related activities. In Korean culture, young men and women generally tend to complete their studies and secure a job before opting for marriage and having children. Same-sex marriages are rare in Korea [21] . Generally, when people get married, they prefer their spouses to be roughly of their age, hence the five-year age difference in the simulation. This is in line with [23] . The same house IDs criteria cover the case that agents who are related to each other cannot get married. Only agents who are not yet married, are widowed or widowed can get married. The two-level education difference reflects Korean societal behavior. Generally, people prefer spouses who roughly have the same level of education as themselves [23] . This setting suggests that a Ph.D. graduate would want to marry someone who is at least has bachelor's degree. By exposing agents to these conditions, we are trying to emulate a real-world setting in the simulation. If these conditions are satisfied for two communicating agents, they get married and the model logs some new information and updates the variables concerned: marital status of both the agents, first marriage time in simulation, spouse information, and a link is set up between the agents in the model which can be used by the agent couple for retrieving each other's characteristic properties. The location of the female agent is also changed to be that of the male agent.
H. AGENT'S FERTILITY
After the agents get married, they try to proceed toward family formation. In the simulation, there are two variables, VOLUME 6, 2018 currentChildren and desiredChildren, such that currentChildren always ≤ desiredChildren. The variable desiredChildren is the upper bound for having a certain number of children; this value is taken from [24] . After marriage, the agents' wish to have children is restricted by various factors. This can result in agents having fewer children than they desire.
For an agent couple to have children, the total income of husband and wife agents minus the expenditure on children is calculated and the net should be equal to or greater than the average income of the economic division they belong to. If in the year, an agent A in division D i , whose income is denoted by A income , whose spouse B's income is denoted by B income , whose currentChildren is their current number of children, and whose C expenditure denotes expenditure on children, then in order to have a child:
Where δ is a constant derived during the calibration process, C expenditure values are calculated from the children expenditure data of different income groups [25] , [26] , and is approximated as a concave function of total income and number of children currentChildren. As the currentChildren is zero initially, for the first child, (18) is the simple addition of both the agents' incomes.
In addition to income check, agents wait for a random time for having first (up to two years) and subsequent children (from one to four years). This is to mimic the age difference between the siblings in the real world. We always check that the age of the parent agents was between fifteen and forty-five years before they had children.
Thus, everything from age, education, personal income, division income, to expenditure on children is connected and affects various decision processes of the agents.
I. AGENT MORTALITY AND DIVORCE
The agent mortality and divorce are handled stochastically. To avoid unbeneficial complexity in light of the current work, deterministic models are not implemented for these processes. Thus, agents are exposed to the transition probabilities derived from the census data available at KOSIS at the start of each year. Widowed and/or divorced agents can remarry, if they satisfy all the marriage requirements as a normal agent, along with a probability check to incorporate the re-marriage rate. The divorce event occurs only in the married state, whereas the mortality event can affect agents in any state.
J. THE AGENT INTERACTIONS AND COMMUNICATION
The agents in the simulation live in the continuous space. The agent's housemates and agents living in up to ten model units, can be interacted with and characteristic information can be shared. Through a definition of thresholds and Monte-Carlo method, the characteristics of the interacting agents can be updated. Currently, we have implemented this functionality for desired education and desired children factors. Only the agents that participate in the family formation activities update their desiredChildren factor. We have designed some experiments by taking this key feature into consideration.
The agent communication has been implemented such that it only takes place among the agents of the same income division, the general case in Korean society. The inspiration for this decision was the real world behavior, where people mostly communicate with their friends, families, and neighbors, which generally belong to same income group, and to some extent, are affected by their behavior. The neighbors of agents in the simulation can be updated at every simulation tick due to marriage, fertility and mortality events. The dynamic characteristics of other agents are ever changing as well. This signifies that the agent communication keeps on inducing subtle changes in agents and gradually this effect leads up to an emergent phenomenon in the simulation, which is evident in the results we demonstrate in Section V. Fig. 4 demonstrates the simplified model flow of the proposed model. The international immigration mentioned in this figure is utilized for experimental setup and is explained in the next section.
IV. IMPLEMENTATION
The proposed model is AnyLogic professional v. 7.1.2. The fertility event adds the agents to the simulation whereas the mortality event removes the agents from the simulation. After the simulation is initialized, agents starts interacting and looking for the potential spouses Due to diverse characteristics and the very flexible nature of the model, there is much potential for analyzing and exploring the demographic activities and behavior.
A. DATA USED IN SIMULATION
The census data used for the simulation is provided by KOSIS. We start the simulation with a data set of sampled 10,000 agents. The average of ten simulation runs is used for final analysis. Simulation starts from the year 2005 and is run up to the year 2050. The simulated data is collected and compared to the actual data, which serves as validation of the model.
B. VALIDATION, CALIBRATION AND EXPERIMENTAL ANALYSIS
Before any analysis with a model is pursued, it should undergo validation process. It is worth noting that as the decision process in our proposed model are not stochastic but deterministic, probabilities that are calculated directly from census data cannot be utilized in our model. The marriage rate probability for instance, can simply be computed by deriving it from census data, and then by removing matrimony requisites in the model, this probability value can handle the marriage process in simulation. This approach however, would attract some problems: the probability values calculated would represent the general marriage rates for the entire population (unless high quality data is available, and probabilities are derived from various instances of demographic behavior), and not the rates decided by the various behavioral-requirements put in place by a modeler in an ABM. Also, by direct usage of these rates, the end-product in model terms would only be a quasi-ABM or a pseudo-ABM, with limited usefulness in terms of obtaining newer insights, and understanding the functioning of the implemented system. Such a model becomes MiSim in behavior. As outlined in [27] , such models might implement the desired functionality rather than arriving at or deriving desired functionality. Fig. 5 presents the validation results of proposed model. The government of Korea provides statistical data for the population projections, available on KOSIS. This data provides high, middle, and lower statistical limits of these projections, which are employed for validation of our model. Fig. 5a presents the total population data. The population numbers in simulation are scaled to the actual population numbers. The model data lies well between the upper and lower limits of the statistical data. The close fit of statistical data with model data demonstrates the correct calibration and serves the purpose of validating our model.
To add further credence to the model validation, we also compared the young (0 to14 years), working (15 to 65 years), and elderly (above 65 years) population data independently. These results are presented in Fig. 5b, Fig. 5c, and Fig. 5d respectively. While the use of publicly available government provided data is straightforward, representing social norms in simulation is complicated and should only be mapped after discussions and agreement with appropriate domain experts [27] . The social norms in this model were derived after discussions with social scientists, and a common viewpoint in this regard was decided. While these standards cannot be called accurate, the concerned domain experts agreed them to be at a practical level of abstraction. As stated in [27] , VOLUME 6, 2018 the mere comparison of simulation data of a complex system cannot be justified for its validation. The constituent components' functioning should also be validated so that they have desired functionalities comparable to the target system. Working on these lines, we presented the validation data not only for the total population, but also for the young, working and elderly populations, explained and justified the functionalities of underlying components of our model, and collectively, these points serve as the arguments for validation and fitness of purpose for our model.
C. EXPERIMENTAL ANALYSIS
To pursue analysis of the effect of various demographic activities, we implemented some virtual experimental scenarios. Factors such as immigration, desired children, magnitude of interaction, intra-quintile income comparison, and overall income. These values of these factors were changed and resultant effect was observed in the population numbers.
An increasing number of people have changed their views about children as well as marriage, and a rising percentage of people state that having children is not necessary for a happy marriage [29] . Thus, we figured that experimenting with a change in the desired number of children could give us some interesting insights. The experiment changes the distribution of desired children for the whole agent population in the simulation.
Korea has witnessed an increase in international immigration in recent times [30] . The census data provided by the government already includes the statistics for this. So international immigration was not handled independently in the simulation. Moreover, most of the immigration, whether skilled or non-skilled, is temporary in nature. Naturalization and permanent residency in Korea is quite low due to stringent Korean naturalization laws. The number of people seeking refuge in Korea is also quite low. However, in recent years, we have witnessed a refugee crisis unfolding in the European countries due to the exodus from war-torn countries in the Middle East. Germany, for example, received over a million refugees within a short span of time. Such an event can have many long-lasting implications for the host country, and altered population dynamics are one such implication. In order to simulate such an unforeseen and rapid influx of immigration to Korea, and to analyze its effect on population structure and numbers in the long run, we designed such a scenario in our model. Referring to data from the UN Refugee Agency and [31] and Asylum Information Database [32] , we simulated an influx of one million immigrants in two years. The gender distribution, education, employment participation, and age distribution were taken from [31] and [32] . To avoid any unbeneficial complexities in the simulation, we assumed that immigrants would only pursue the demographic activities with fellow immigrants and not with the natives of the host country. We also reduced restrictions particularly those related to education, for finding spouses and having children. This assumption was made as data available reflects a crisis in refugee education. To take into account the real-world scenario in such cases, we introduced restrictions related to employment: whether a migrant is employed or not. Specifically, in the potential partner selection, at least a male should not be unemployed. Referring to [31] and [32] , we distributed refugee migrants' preferences regarding the desired number of children. It is set to 50%, 30% and 20% for two, three, and four children respectively. If we look at the fertility rates of different countries, it is evident that under-developed and developing countries have high fertility rates [3] . The offspring of migrants have their number of desired children fixed as two children. This assumption is based on the fact that gradually, the migrants would change their outlook and make adjustments that are salient to the new country.
Further, we also decided to experiment with the effect of the magnitude of interactions among the agents in the simulation. Korea is a culturally homogeneous and connected country, so the impact of social trends can have dramatic outcomes and can become country-level phenomena rather quickly. The recent craze about cryptocurrencies is one such example. We have already explained in the previous sections how the agents would interact with and affect each other. Experimenting with interaction can give us interesting insights into the simulation and demographic behavior of the virtual society.
In this paper, we are proposing and experimenting with a rather new societal standard of economic-comparison within the same income division. We term it the intra-quintile comparison. As previously mentioned, agents' interactions are limited to only the agents in the same income division. Moving along these lines, we experimented with the comparison of agents' economic standards within the same income division. We stated in (18) that people's disposable household income must be greater than the average income of the quintile they are living in. This condition can be treated as a measure of desired economic standard within the income quintile. If a household is willing to drop this value, it would virtually pay less heed to others' economic standards and thus afford more expenditure. This would also mean that it would have more to spend on the children whilst satisfying the condition in (18) . On the other hand, if a household decides to increase the value of this cut-off, the situation would exactly be the opposite of that explained above. The household would have less money to spend on children to clear the condition in (18) . This whole scenario mimics the economic standard that a household wants to maintain. The more the value of this standard, the less would be the disposable income to spend. This scenario could have a direct impact on the child-bearing decisions of a family. Exploring the effect of this change can give us a new understanding about the economic-dynamics of the population.
For the purpose of experimentation, we also made some changes to the income of the agent population. If we have a look at the Korean GDP per capita in recent years, there has been a steady rise, but not without some abrupt changes. During the infamous 1997 Asian financial crisis, GDP per capita plummeted by about 33% [21] . Conversely, it also rose by about 20% in 2010 after the rebound from the global financial crisis. In the long run, these abrupt shocks to the economy could have an impact on the household economy and therefore, on the population dynamics as well. Taking a cue from this data, we reckoned it might be a good idea to experiment with this setting. This can enable us to assess the effect of sudden economic changes on population dynamics.
D. DESIGN OF EXPERIMENT
The details of experimental setup are summarized in Table 1 . There are twenty test cases in total, which are run for ten runs each to average the readings. Each run takes about three minutes on average. Therefore, it took about 600 minutes (20 * 10 * 3) to generate the initial data for analysis.
The desired children are distributed in the simulation according to a survey that puts the number of desired children at 15% for one child, 70% for two children, 10% for three children, and 5% for four and above (all figures approximate). We made changes to this distribution by increasing percentage of two desired children. It is clear from this survey that the majority of the people want to have two children. If societal conditions are changed to favor and support child-bearing, more people could shift toward having more children. As two children is the most popular choice, we increased this value and observed the effect of this increase.
The agent interaction process is already explained in previous sections. The probability of this effect is about 3% which was derived during the calibration process. We changed the magnitude of this to 0%, 10%, 20% and 30%. A stronger effect signifies that more people are being influenced by other agents' behavior.
The quintile comparison was varied by 10%, 20%, and 30%, both increases as well as decreases. The income variation was also varied for both increase and decrease, simulating a sudden economic downturn and sudden economic jump. These values for these variations were decided based on historic GDP per capita fluctuations. The different values and nature of these factors would help us to understand their effect on the simulation behavior.
V. EXPERIMENTAL RESULTS AND DISCUSSION
In this section, we discuss the results obtained from the experimental setup. The objective of this experimental setup is to evaluate total population and its age structure. The experimental results are compared with the simulation numbers which are obtained in the original runs of the calibrated model. The starting population is sampled to be comparable to the actual population distribution. In case of immigration experiment, simulation is run until year 2075 to observe the long term impact of immigration, particularly the effect of the newer generation that is born in the host country.
We can roughly visualize how the change in initial conditions is affecting the population numbers. Some scenarios are yielding a big increase in the numbers, others yield subtle increases and some scenarios yield decreased numbers. The resultant numbers were subjected to t-test for evaluating whether the changes were statistically different or not (significant or insignificant). t-test was performed on all the test cases with a significance level of 0.05 and nine degrees of freedom. The t-value for such a setting is 2.262 for a two tailed test. Thus, if t-values are greater than 2.262 or less than −2.262, the population numbers are statistically different. The summary of this test for all the cases is presented in Table 3 .
The summary of experimental simulation runs is shown in Fig. 6, Fig.7, and Fig. 8 , which present the comparison of total population numbers for all the experimental setups throughout the simulation run. The graphs are labelled as case numbers which can be referred to in Table 1 or 3. In Fig. 9 , apart from population numbers, we also present the population age structures for cases with the highest population numbers, which we term best cases, and lowest population numbers, termed worst cases. Two best cases are chosen for presentation, as the case of rapid influx of refugee migrants directly contributes to the population numbers and alters population age structures as well. Surprisingly, population numbers in the other best case are not very different from the immigration case. The population numbers for the young, working, and elderly population are presented in graphs in Fig. 9c to 9f .
If we take a look at outputs of cases 1a and 1b in Fig. 6a and 6b, and refer to t-test values in Table 3 , we see a substantial increase in the population numbers. We had increased the values for two desired children by 10% and 20%. Simulation reflects that convincing people to change their attitudes and mindsets about child-bearing could result in constructive push to fertility rate, as results indicate that people can opt for having more children without facing any major economic challenges. Thus, encouraging people by means such as maternity and paternity leave, better facilities for child bearing, and change in job culture could help in giving a positive boost to fertility. Third case 1c did not yield any significant changes in the population numbers: rather, it resulted in a nonsignificant decline. The result is presented in Fig. 6c . In this case, agents' interaction effect on each other is nullified as all agents want to have two children. This change also reflects the effect of interactions among the agents. In cases 1a and 1b, there are 15% and 10% agents respectively who want to have more than three children. Their effect thus increased the values of desired children for some agents with lower desired number of children, which in turn must have influenced other VOLUME 6, 2018 Table 1 or Table 3 . There is a large, observable difference in population numbers in case 1a and 1b which involves changing preferences of couples for having certain number of children. x-axis are years and y-axis are population numbers. a) Desired children experiment case 1a. b) Desired children experiment case 1b. c) Desired children experiment case 1c. d) Immigration experiment. e) Interaction experiment case 3a. f) Interaction experiment case 3b.
agents to do the same. This added effect resulted in emergence of agent behavior in the simulation and produced a significant increase in population over the years. It must be noted that agents with a higher number of desired children also are affected by agents with a lower number of desired children. These test cases assert the fact that interactions can, and do play an important role in the decision process of agents. The x-axis in all the graphs in Fig. 6, Fig. 7, Fig. 8 , and Fig. 9 is years for which the simulation is run and the y-axis is the population numbers.
The immigration test case resulted in an obvious increase in population numbers due to direct contribution in Table 1 or Table 3 . There is a significant difference between the population numbers in case 4c and 3d. Case 4c involves experimentation with socio-economic preferences and case 3d covers magnitude of interaction-effect among the agents. population numbers. It is worth noting that we simulated the refugee influx for only two years and one million immigrants. Aside from the short-term increase in the population numbers, it is important to observe that in the long run, the population numbers begin to converge with the other best case. Fig. 6d and Fig. 9c can be referred to. In Fig. 9c , the population numbers of case 1a and case 2 seem to be almost similar. It can be concluded from this experiment that the short-term high-rate immigration would not produce any long term benefits in fertility rate and population numbers. Moreover, there are many social and economic implications of a high rate of immigration, especially in a country like Korea that is culturally homogeneous. Furthermore, in order to rely on immigration for a long-term boost in the fertility VOLUME 6, 2018 FIGURE 8. Population summary of different test case scenarios. The graphs display the resultant total population numbers vs. the original simulated population numbers. Simulation is run from year 2005 to year 2050. The experimental case numbers and corresponding test scenarios can be referred to in Table 1 or Table 3 . The test cases involving increase in agents' income have quite similar outputs to original simulation numbers. x-axis are years and y-axis are population numbers. a) Intra quintile comparison experiment 4e. b) Intra quintile comparison experiment 4f. c) Income increase experiment case 5a. d) Income increase experiment case 5b. e) Income increase experiment case 5c. f) Income decrease experiment case 5d.
rate, and better age distribution in the population, it should be sustained over a longer period of time.
In the experiment related to changes in the magnitude of the effect of interactions among the agents, some interesting results were obtained, presented in graphs in Fig. 6e, Fig. 6f,  Fig. 7a, and Fig. 7b . While changing the interaction effect to zero resulted in a non-significant increase in the numbers, all other cases resulted in significant decrease in the numbers. This could be understood by paying attention to the initial distribution of the desired number of children in the virtual society. As a majority of the agents desire two children, and as the intensity of interaction grows, they overwhelm the other agents' decision with their preferences. As the second-largest majority of agents have three or more desired children, they must be shifting to two as their desired number. On the other hand, if we consider the discussion in the previous paragraph, We also demonstrate comparison of young, working and aged population independently. The experimental case numbers and corresponding test scenarios can be referred to in Table 1 or Table 3 . x-axis are years and y-axis are population numbers. For figures 8c to 8f, blue color represents original simulation, red color represents case 1a (desired children experiment), green color represents case 2 (immigration experiment) and purple color represents case 5f (income decrease by 25 to 30%).
the population numbers would increase if somehow the effect of agents with more desired children toward those with fewer desired children is intensified. This understanding can aid government design and disseminate appropriate policies to encourage people to have more children.
The experimentation with intra-quintile comparison gave dramatic results. Out of the six experimental setups, four gave statistically significant different results. The fifth case also barely missed being statistically significant. The results show that people have a good deal of sensitivity toward their economic-standard, which we can attribute to societal and peer pressure. In both the scenarios, in other words, while increasing or decreasing their self-realized standard, the results show a significant sensitivity. While dealing with this non-tangible factor standard is tricky in the real world, the other aspects that decide this standard can be worked upon. One of the major factors in deciding household disposable income is education expenditure of children. Korea spends large amounts of money in the education field, which is about 8% of national GDP, compared to the OECD average of 6%. The private expenditure on education is also highest, particularly at the tertiary level [22] . Various other studies show that expenditure on education and childcare is very high in Korea. One such study shows that 90% of parents feel burdened by childcare-related costs [29] . With that said and understood, such policies and education culture should be designed by government, which do not burden the overwhelming majority of children and parents. Such policies could help relieve intra-quintile societal-comparison pressure. The results of this experiment are presented in Fig. 7c to 7f, 8a, and 8b.
Lastly, we discuss the experiments run with changes in the income of the agents. Quite interestingly, even a 25-30% (case 5a, 5b and 5c) increase in income of agents did not result in significant increases in the population numbers. Although the increased income scenario did result in increased numbers, t-test data indicates that the increase was only nonsignificant. On the other hand, a decrease in the income did result in a significant decrease in cases 6e and 6f. The results are presented in Fig. 8c to 8f, 9a , and 9b. The outcome of this result set demonstrates that in many households, fertility related decisions are significantly affected by financial conditions. Further, the results from increase cases vs. decrease cases suggest that more people are just above the desired economic situation than just below. In fact, the lowest population numbers were obtained in case 5f, in which agents' incomes were decreased by 25-30%. Simulation results demonstrate that a decrease in income forced many households to delay child-bearing and they ultimately ended up having fewer children. This is an interesting insight into the socio-economic status of the population. Again, as we have already stated, one of the main factors deciding household disposable income is education and childcare expenditure. High education expenditure in Korea is one of the reasons why parents want to have fewer children [22] , [29] . Through such understanding of the socio-economic situation of the population, the government can design and implement policies that benefit the population in general and vulnerable section of people (in the fertility context) in particular.
In Fig. 9c to 9f, we present a comparison of original simulation numbers vs. best cases and worst case. As already explained above, the experimental setups that give highest population numbers are termed best cases and vice-versa. If we examine Fig. 9d , we can see that the worst case also has the lowest youth population. The lowest youth population directly implies fewer people would grow up, and be available as the workforce. We can observe this in Fig. 9e in which working population numbers decrease substantially compared to the other cases. Thus, the primary reason behind the worst performance of this case is lower numbers for the young population, which is obviously due to the lower number of births. On the other hand, a good feature of best case 1a is how this case has the highest numbers for the young and working population among all the four cases presented in Fig. 9c to 9f , as well as the lowest elderly population among the three experimental cases. A higher youth and working population and a lower elderly population is an indicator of a good population age structure. Table 2 is the brief summary of population numbers of these cases when simulation stops.
VI. CONCLUSIONS AND FUTURE DIRECTIONS
In this paper, we proposed and implemented an agent based model for social demography that encompasses major activities related to socio-demographic dynamics of the population. We demonstrated validation, fitness of purpose, and an example analysis of the future population using our model. Our analysis threw light on some interesting insights and demonstrated the kinds of plans that can be designed for a positive push to fertility rates. The proposed model is very flexible and general in nature and can be reused by populating it with target-setting data. The type of analysis that can be pursued and addition of newer, complex details is virtually limitless, and the model can be expanded to accommodate the research questions being addressed. Important features of our model include the interactions among the agents, as well as the dynamic nature of the agents. Every characteristic of an agent in our model is dynamic in nature and is updated in accordance with real data. This is generally not the case in other such models.
This work is a step forward in answering and analyzing some key questions in social dynamics in general, and demography in particular. It motivates the modelers and researchers to pursue and analyze the social dynamics with techniques like agent-based modeling. Given the problem of ageing societies and declining birthrates, the understanding of social demography has come to be very important. Future generations should not be over-burdened with avoidable complications and providing a problem-free future for the next generation is the responsibility of the present generation.
We plan to continue our analysis with the model and introduce machine-learning (ML) and optimization techniques such as [33] - [36] for optimizing and automating the model for general usage. As per our understanding, ML and optimization techniques can benefit the simulation process by including them as a part of existing model. One of the better features of the agent-based modeling is its lower dependency on real data, which is generally contrary to ML techniques. New concepts like [37] - [40] can greatly benefit the working of our model. Incorporating such techniques can enable our model to handle bigger data sets more efficiently as we are currently using 10,000 agents in our simulation. These numbers can be improved and model can deliver even better results. In addition, the current work does not include land use and healthcare models, and we are working to add these features in the future extensions of our model. The inclusion of these models is needed to generalize the model and put it to practical use in these areas. Our next steps also include testing the government policies and eventually, help to design and streamline such policies.
